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Abstract 

We derive non-ergodic site response for California sites using an expanded version of the 
NGA-West2 database. We then investigate the degree to which different site response analysis 
methods capture observations. An ergodic site term provides a baseline against which other 
models are compared. Here we emphasize site-specific ground response analysis for sites with in 
situ VS measurements. We describe the assignment of damping to individual soil layers using 
geotechnical models and site-specific spectral amplitude decay parameter .  We provide data-
model comparisons for cases in which ground response analyses provide variable levels of 
effectiveness.  

Introduction 

Ergodic models for site response provide a mean estimate conditioned on certain site 
parameters (typically the time averaged shear wave velocity in the upper 30 meters of the site, 
VS30, and basin depth). The ergodic estimate of site response includes all site amplification 
mechanisms (impedance, nonlinearity, resonance, two- and three-dimensional wave propagation 
in basins, etc.), but these effects are smoothed over a large number of sites with different 
characteristics. As such, the associated site-to-site uncertainties (denoted 𝜙S2S) are substantial,
increasing mean or >50%tile ground motions at long return periods as derived from probabilistic 
seismic hazard analyses (PSHA) relative to what would be obtained with more accurate methods. 

Site-specific or non-ergodic site response is intended to account for wave propagation 
mechanisms at a specific site that control site response. An unbiased estimate of site-specific site 
response, for example as derived from analysis of earthquake recordings, substantially reduces 
𝜙S2S (e.g., Rodriguez-Marek et al., 2014; Stewart et al. 2017).  For sites without recordings,
many projects seek to estimate site response using ground response analyses, which consider the 
effects of one-dimensional (1D) shear wave propagation and soil nonlinearity. Open questions 
related to this common practice are (1) How effective are such methods at capturing observed 
behavior, and how does this change with period?; and (2) What levels of epistemic uncertainty 
(𝜙S2S), associated with wave propagation mechanisms not considered in 1D analysis, should be
used in PSHA when site response is estimated from ground response analyses?  

A sensible means by which to answer these questions is through comparisons of 
predictions of ground response analysis results to data. Not surprisingly, this general line of 
research contains numerous contributions over many years, with a typical application taking 
various input motions, running them through 1D soil columns, and comparing resulting response 
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spectra to those from recordings (e.g., Chang, 1996; Dickenson, 1994; Idriss, 1993). However, 
with the exception of vertical arrays, this research approach has a limited ability to answer the 
above questions, because predicted ground surface motions are strongly dependent on input 
motions, which are often highly uncertain. As a result, the effectiveness of the site response 
prediction is somewhat obscured.  

The use of vertical arrays overcomes this problem because of the availability of recorded 
input motions, and has produced interesting findings that illustrate limitations, biases, and 
uncertainties associated with ground response analyses (e.g., Kaklamanos et al. 2013; Zalachoris 
and Rathje, 2015; Kaklamanos and Bradley, 2018; Afshari and Stewart, 2019). However, there 
are limitations associated with the use of vertical arrays to validate ground response analyses. 
First, the number of vertical arrays with sufficient ground motion recordings and site 
characterization is limited (but certainly growing with time). Second, vertical arrays only 
measure site response over the length domain of the array; as such they are not useful for 
evaluating long-period features that involve wavelengths longer than array dimensions. Third, 
the within-motion boundary condition that is used in analysis of vertical array data does not 
match that used in typical forward applications, in which outcropping input motions are selected.  

To address these limitations, we suggest an alternative method for validating ground 
response analyses using data from surface-only instruments. The concept is to use recordings to 
infer the non-ergodic site response over a wide frequency range. The effectiveness of ground 
response analysis, and other methods, is then assessed by comparing predicted levels of site 
response against observation. This departs from the aforementioned prior work in that model 
effectiveness is not based on ground motions from a particular event (or series of events), but on 
the site amplification relative to a reference condition.  

This work is in-progress, so final results are not provided here. We describe the approach, 
and summarize data assembled for this and related research. We then describe protocols that 
have been developed for applying ground response analyses at sites with VS profiles but little of 
the other information typically required for such analyses (mainly, soil type and its variation with 
depth). Example results are presented and discussed.  

Proposed Approach 

We suggest here a method that can be used to test the effectiveness of ground response 
analyses using the results of ground surface recordings. The method is substantially more robust 
when seismic velocity profiles are available at candidate sites, and we apply this constraint in the 
present work. The method has four components.  

The first component is assembling the required data. If not already available from another 
project (such as NGA projects, which involve substantial data collection and synthesis), this is a 
substantial task. The information required is identical to that needed for ground motion model 
development, namely, a database that includes information on source attributes, site conditions at 
recording stations, and ground motions (with record-specific processing details). In this project, 
we supplemented the NGA-West2 database with additional sites and events, as described in the 
next section. A need for the present work that is not shared in ground motion model development 
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